INTRODUCTION
to do not only with male factor infertility [4] , but also with other potentially serious male health conditions.
There are numerous ways in which systematic and human errors can influence SA results ( Fig. 1 ), including lack of adherence to standardized protocols when measuring individual semen parameters (count, motility, viability, etc.) [5] . Following best practices does not entirely eliminate variability that may result from technician subjectivity and human error. In addition to being vulnerable to variations due to laboratory methods, subjectivity, and human error, semen parameter measurements are associated with biological and lifestyle factors that may vary within an individual over time [5, 6] , making a single SA an unreliable indicator of underlying pathology.
Clinically, poor semen quality may be an indicator of a variety of medical problems, including varicocele, hormone imbalances, infection, genetic alterations, and testicular cancer. Physicians are responsible for diagnosing and treating these and other mediators of male infertility [7] [8] [9] [10] . From empiric medical therapy to the use of assisted reproductive technology (ART), treatment for male factor infertility and its antecedents may involve pharmaceutical and/or surgical intervention with potentially harmful side effects and significant financial and emotional investment [8, 11] , underscoring the importance of reliable SA results. At present, clinicians performing infertility workups must consider the intrinsic uncertainties associated with conventional SA that may compromise their ability to make an accurate diagnosis.
Although several technological advances have been made to conventional SA techniques, such as computerassisted sperm analysis (CASA), these novel developments have significant limitations, including highly variable results, the necessity of frequent recalibration, and costly investment in equipment and training with only marginal improvements in accuracy over manual SA [12] [13] [14] [15] . In addition to these technological advances, sophisticated sperm function tests have been conceived that evaluate parameters, such as sperm DNA fragmentation (SDF), capacitation, acrosome reaction, and the presence of reactive oxygen species (ROS) [16, 17] . Although these tests have increased the amount of data by which physicians can make clinical decisions, problems remain. For example, sperm function tests such as SDF are time consuming and time sensitive, and require large financial investments due to their reliance on the use of sperm chromatin structure assays and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) [16] [17] [18] . Many common ROS measurement techniques only capture the ROS concentration at a single point in time and do not provide a comprehensive evaluation of the relation between oxidant and antioxidant levels, therefore failing to provide a complete picture of the true oxidative stress (OS) environment [16, 19] . To manage patients with infertility related to elevated OS, it is important to identify a test that includes all constituents of OS and measures the real-time redox status in a given semen sample.
Due to the aforementioned problems associated with manual SA and the inability of current technology to efficiently mitigate these issues, it is necessary to identify a suitable adjunct test that can indicate when results of a single manual SA may not accurately reflect a patient's underlying reproductive health. We propose the measurement of oxidation-reduction potential (ORP) as a way to validate the results of manual SA. This confirmatory test reliably predicts poor semen quality, is reproducible, easy to use, is cost effective, and can significantly improve the diagnosis and treatment of male infertility. 
PROBLEMS OF BASING CLINICAL DECISIONS ON MANUAL SEMEN ANALYSIS ALONE
As part of the first set of diagnostic tools employed to investigate cases of male infertility, manual SA provides clinicians with a snapshot of the overall reproductive health of the patient in the preceding 72 days of spermatogenesis and subsequent epididymal maturation [20] . However, the following section will present how and why the results of manual SA may be inaccurate, incorrectly classified, and subject to human/ laboratory error, and what the costs and consequences of these uncertainties may be [7] .
Errors and subjectivity associated with manual semen analysis
When evaluating each step in the process of performing manual SA ( Fig. 2) , it becomes clear how human error can influence the results [5] . For example, specimen collection is vulnerable to problems such as incomplete semen collection, short or long abstinence intervals, or delayed delivery to the lab, all of which may affect results. Although the standard protocol prior to SA is to abstain from ejaculation for 2 to 7 days [3] , studies have shown that, due to the natural variation in semen parameters within in an individual over time, obtaining a second ejaculate for SA provides physicians the ability to more accurately diagnose patients' fertility status [21, 22] . Similarly, the evaluation of sperm concentration, motility, and morphology are vulnerable to human error, especially if technicians are inadequately trained or lack experience, which can lead to observer subjectivity. For example, properly analyzing sperm motility is a consistent challenge in andrology laboratories due to the natural human inclina-tion to fix one's gaze on a moving object. When quickly scanning a single field, as required to gain accurate motility results, this human instinct can interfere with the ability to efficiently count each motile spermatozoa and promptly move to the next one [5] . To improve the technique used by technicians and ultimately improve the accuracy of motility results, it has been suggested that andrology laboratories adopt external quality control monitors to oversee the evaluation process [1] .
Inaccuracies may also result from the equipment used to conduct manual SA. For example, the oftenused shallow Makler counting chamber allows for only a limited number of spermatozoa (commonly n=10) to enter the microscope viewing field and thus is more prone to errors associated with small sample sizes [7] . In contrast, the deeper haemocytometer counting chamber allows up to 400 spermatozoa to enter the field and provides a more accurate result [7] . Even when quality is monitored and equipment is optimized, poor SA technique and the inherent subjectivity of the tests often remain and may lead to variable results even when a single experienced technician evaluates different aliquots of semen samples from the same patient [6, 7] .
SA results guide clinical decisions, with semen parameter values often determining treatment trajectories that have very different physical, emotional, and financial costs. For example, the standard of care (SOC) derived cost disparities between procedures such intrauterine insemination (IUI, cost range: $1,275-$3,825) and in vitro fertilization with intracytoplasmic sperm injection (IVF/ICSI, cost range: $8,825-$26,476) are significant [23] . The SOC assumes three cycles of both IUI and IVF/ICSI [23] . The decision about which technique to use is often based on total motile sperm count (TMSC) [24] [25] [26] . A study of postoperative varicocelectomy patients found that those with TMSC ≥10×10 6 mL in their postoperative ejaculate were more likely to achieve pregnancy via IUI than those with TMSC <10×10 6 sperm/mL, who were more likely to require sperm extraction surgery and IVF/ICSI [8, 9] . If the SA inaccurately yields a TMSC of 9×10 6 sperm/mL vs. 11×10 6 sperm/mL, the clinician may be inclined to recommend the more costly and invasive procedure.
Lack of standardized protocols, training, and quality assurance assessments in andrology laboratories
An increased probability of error often results from lack of adherence to a standardized protocol for the various duties carried out in the andrology laboratory [1, 27, 28] . A 15-year study of 151 andrology laboratories in Belgium that underwent repeated external quality assessments and controls (EQA/C) revealed many areas for concern, the most notable being limited funding for laboratory training, highly variable frequency of SA performance per month, and completion of proper training courses by only 40% of laboratory staff at the beginning of the study. Only 16.5% of the andrology laboratories evaluated had technicians who were trained in and performed manual SA exclusively [1] . With experience being crucial to carrying out accurate SA, this study makes apparent why manual SA results are often unreliable, giving rise to significant interand intra-laboratory variation [29] . Strictly adhering to an EQA/C regimen, requiring compliance with protocols described in the most recent WHO manual, and consistently training and testing laboratory personnel can alleviate the problem of unacceptably high coefficients of variation (CV) [1, [29] [30] [31] . For example, at the beginning of this 15-year period, the median CV for sperm count across all labs, irrespective of method, was 19.2%; upon implementation of improved techniques and technologies, such as the Neubauer counting chamber, the CV declined to 14.4% [1] . While this represents an improvement of more than 18%, the remaining 14% CV underscores the difficulties that persist, even in the face of increased QC measures.
Controversy regarding changing World Health Organization guidelines
Even if manual SA is conducted by trained personnel according to standardized protocols, uncertainty may arise in the interpretation of the results, as the WHO threshold values for abnormal semen quality have shifted over the years, sometimes without adequate explanation [3, 28, [32] [33] [34] [35] [36] . From 1980 to 2010, five editions of the WHO manual for SA have been published, and each time at least some of the reference values have changed ( Table 1 ). The 5th edition of the WHO manual has received extensive criticism for establishing new criteria for assessing sperm morphology and progressive motility, as well as lower reference values based on data obtained only from fertile men, with the reference values being the lowest 5th percentile of the distribution for each semen parameter. Lowering the reference values based on such data potentially increases the number of false-positives and false-negatives for infertility diagnoses [37] . Changing the recommended SA protocol requires andrology laboratories to retrain their staff in the newest methods.
The 5th edition simplifies the motility grading system by reducing the number of categories of sperm velocity from four to three [5] , eliminating the need to distinguish between fast and slow moving spermatozoa, a discrimination that has demonstrated clinical utility [3, 5, 38] . To investigate and address the controversial changes made in the 5th edition of the WHO manual, the European Society for Human Reproduction and [3, 38] . Among the eight areas the SIGA identified as requiring further explanation by the WHO were the decisions to eliminate the distinction between slow and rapidly-progressive spermatozoa and to only report the percent total progressive motility.
The data used to determine the reference levels in the 5th edition came from five studies conducted among 1,953 men in seven countries, only one of which (Australia) was not located in the northern hemisphere [28] . The limited diversity of the populations from which the semen samples were obtained fails to address the known ethnic differences found in semen parameters on a global scale [39, 40] . The reference levels may therefore lead to increased misdiagnosis in men from ethnic backgrounds not represented in the WHO sample.
The 5th edition not only makes it difficult to accurately classify patients, especially those from diverse backgrounds, but also reduces the diagnostic abilities of clinicians due to the simplification of motility grading. Clearly, the potential for errors in clinical decision making do not solely arise from the laboratory technician.
Variability of semen samples over time
Another factor that limits the accuracy of diagnosis from a single SA is that semen parameters vary over time. In a study involving 20 participants, each provided a semen sample weekly for 10 weeks. The withinsubject CV was calculated based upon the fluctuation of each semen parameter within an individual over the course of the study [6] . The CV for sperm concentration was 26.8%, total motility was 18.4%, and morphology was 19.6% (Table 2 ) [6] . A related study of 5,132 semen samples obtained from 2,566 men who each donated two samples a month apart found that after an initial normozoospermic (as defined by the WHO 5th edition) finding was obtained, 27% of the second samples were pathologic. Additionally, only 51.2% of the initial normozoospermic findings were confirmed by the second SA [3, 22] . Physicians evaluating a patient's fertility status or selecting spermatozoa for ART must therefore consider the variability of sperm parameters over time within the same patient [6] .
ADVANCES IN SEMEN ANALYSIS
Because of the above-described variability in how semen is collected and analyzed, methods to improve the reliability of results and help avoid inaccuracies in clinical decision making are needed. Over the past several decades, technological advances in SA have been made that have attempted to reduce human subjectivity and increase the range of measures used to assess fertility potential ( Fig. 3) ; however, there is still much progress to be made.
Computer-assisted sperm analysis
One such development made more than 40 years ago is the CASA system. CASA is an instrument that converts the motion patterns and morphology of spermatozoa into usable semen parameter data, data that previously could only be gathered by manual SA [41] . At its inception, the CASA device was often referred to as a "Black Box," as a sample was inserted into the machine and, after a few minutes, a report was spit out. It was difficult to use and early results were unreliable [42] . However, over the past four decades, great strides have been made to increase the computational power, improve the software, and reduce the size of CASA systems [41] . Although much progress has been made, CASA results are still subject to high inter-observer variability due to a lack of frequent and uniform standardization of CASA techniques, CASA's requirement for precise recalibration (suggested at 6-month intervals), and the need to consistently retrain laboratory staff when software updates are implemented. Additionally, variations in technician proficiency in other laboratory techniques (e.g., pipetting, loading the counting chamber) can contribute to variations in CASA results [15, 43] . Although SA performed by a technician highly trained in the use of CASA has shown improved precision over manual methods [44] , proper operation of this technology requires constant supervision and calibration, which is costly and inefficient [12] .
At-home semen analysis
Currently there are many at-home SA devices on the market, each with its own unique operational platform designed for the measurement of different semen parameters. The smartphone platform has achieved substantial popularity in recent years. This newly developed technology facilitates the ability for men to carry out simple SA in the comfort of their homes, eliminating any fear or embarrassment associated with providing a sample in an andrology laboratory [45] . The YO Home Sperm Test (Medical Electronics Systems) utilizes the YO device's microscope together with the phone's camera and light source to record a 30-second video of the sperm, which is then analyzed by the built-in software [46] . The YO Home Sperm Test measures a semen sample's motile sperm concentration (MSC), a composite value of the sample's concentration and motility. Like TMSC, MSC provides insight into a patient's fertility outlook by quantifying the concentration of sperm that have sufficient motility to potentially initiate fertilization. When compared with the laboratory-based automated sperm quality analyzer (SQA-Vision) [46] , a device that differs from CASA in its use of spectrophotometry and electro-optical signal detection to measure sperm parameters [2] , the YO Home Sperm Test's results on both Galaxy and iPhone were highly correlated with the SQA-Vision (Pearson correlation coefficients 0.95 and 0.93, respectively, p<0.0001) [46] .
The Trak Male Fertility Testing System is a microfluidic centrifugal-based device that measures sperm concentration and divides the results into three categories: low (≤15×10 6 sperm/mL), moderate (15-55×10 6 sperm/mL), and optimal (>55×10 6 sperm/mL). Using a battery-powered engine to propel spermatozoa through a test cartridge (prop) containing a series of chambers, Trak provides results in approximately 6.5 to 7 minutes [47] . First, a semen sample is ejaculated into the Trak collection cup, which is coated in a liquefaction-inducing enzyme. Next, 0.25 mL of the sample is loaded into the inlet chamber of the test cartridge, which is attached to the engine, and the lid of the device is closed. Once closed, the spin sequence initiates for approximately 6.5 minutes. While spinning, a precise volume of sample is propelled from the inlet chamber (which contains a preloaded density medium), into a metered chamber, through a progressively narrowing collection channel. Lastly, the sample presents as a white column at the end of the cartridge. The length of the white column is proportional to the concentration of the sample and the results can be obtained by visual inspection. However, a significant limitation of Trak is that it can only measure sperm concentration. With only one evaluated parameter, it must be stressed to the user that normal results do not fully rule out infertility [47] .
The end goal of these "point-of-care" tests is to identify patients who need to be seen by a specialist for further evaluation, not to replace laboratory-based SA and certainly not to diagnose infertility [13] . At-home SA devices currently only measure concentration and/ or motility; they are not able to measure morphology or any of the other basic parameters included in manual SA, such as pH, liquefaction, and vitality. Without having the complete picture provided by SA performed by a trained technician and interpreted by an infertility specialist, a conclusive diagnosis cannot be made.
DNA fragmentation, acrosome reaction, and capacitation tests
Advanced SA methods, including SDF, capacitation, and acrosome reaction tests, are often used to supplement manual SA in the evaluation of male infertility. However, the difficulties associated with performing these sperm function tests and the challenges expewww.wjmh.org rienced in interpreting their results have prevented their widespread use [48] . Several techniques are available to measure SDF. They include evaluation for strand breaks by probes or dyes, or measuring the susceptibility of DNA to denaturation. In men who are varicocelectomy candidates, couples with recurrent pregnancy loss, or couples with failed IVF, there may be a role for SDF tests. However, the cost of equipment (e.g., flow cytometers for TUNEL assays, terminal deoxynuleotidyl transferase enzyme, fluorophore modified dUTPs, etc.), need for skilled technicians, and lack of a clear-cut clinical reference value have impeded the routine application of SDF assays. The acrosome reaction test is carried out in the laboratory by artificially inducing sperm cells to lose the "cap" portion of the head (acrosome) by exposing the cells to a follicular fluid-like substance (Tyrode's Solution). Subsequently, sperm are evaluated by fluorescence microscopy to determine which ones have or have not successfully shed their cap. A study has shown this test, with a receiver operating characteristic (ROC) curve cutoff of 0.65, to be a valid predictor of IVF fertilization, with 63.2% sensitivity, 80.6% specificity, 80% positive predictive value, and 64.1% negative predictive value [49] . However, the methods required to perform the test are costly and labor intensive [50] . Lastly, the sperm capacitation test evaluates the physiological changes that naturally occur once a sperm cell is inside the female reproductive tract. Capacitation is deduced by measuring the localization trend of the membrane protein ganglioside monosialotetrahexosylganglioside (G M1 ) in spermatozoa, and the number of successfully capacitated sperm cells are then counted to provide the "Cap-Score" [51] . In a study of 91 men, those whose semen had a Cap-Score >26.7% were 2.78 times as likely to achieve pregnancy over the course of ≤3 IUI cycles than those with a Cap-Score <26.7% [51] . As with the acrosome reaction test, capacitation testing requires extensive training, monitoring, and is not a cost-effective adjunct to manual SA.
Oxidative stress tests
OS and its deleterious influence on male fertility have been widely studied [52] [53] [54] . OS results when an excess of oxidants (i.e., ROS) or a deficiency in antioxidants disrupts the homeostasis of the redox system and pushes it out of balance. When a biological system is in a state of OS, pathological events may occur such as apoptosis, DNA damage, and lipid peroxidation [52] .
Currently, several methods exist to measure the concentration of ROS and antioxidants, but they are often costly, time consuming, require extensive training, or necessitate a large sample volume [54] . Chemiluminescence, which measures light emitted by a reaction between chemical reagents and ROS in the sample, is widely used in the evaluation of seminal ROS, but has several limitations. First, chemiluminescence cannot measure ROS in frozen samples [15] . Second, due to the 800 µL sample requirement to run the test, patients with low semen volume cannot be evaluated. Third, chemiluminescence does not account for the potential presence of ROS-producing leukocytes in the sample and therefore is not a reliable measure of ROS generated by sperm. The common laboratory-based Total Antioxidant Capacity (TAC) assay evaluates the total antioxidants available in a semen sample. To measure the antioxidant concentration only in the clear seminal fluid, TAC first requires the removal of all cellular bodies from the sample. Subsequently, an oxidation reaction is artificially induced and the sample's ability to neutralize this reaction by its native antioxidants is measured by rapid colorimetry [16] . A low TAC value (<1,950 μM of TAC buffer standard Trolox equivalent) indicates OS due to a deficiency in the sample's antioxidant concentration and thus the inability to scavenge the excess ROS [16] . Although TAC provides valuable data on the presence of OS in a sample, this assay has its share of limitations. First, TAC only measures the antioxidants in the seminal plasma and not the presence of enzymatic antioxidants or individual antioxidants in the entire ejaculate. Second, the TAC assay kit is not cost effective when compared to other fertility diagnostic tools available. Third, the TAC assay only indirectly measures OS [16] . It is therefore important to identify a test that provides a comprehensive measure of both oxidant and antioxidant activity [54] , thereby facilitating our understanding of the real-time redox status in a given semen sample.
A POTENTIAL SOLUTION-MEASURING OXIDATION-REDUCTION POTENTIAL
Measuring ORP, or redox potential, is the most recent advance in identifying a single direct marker of male factor infertility. ORP provides a snapshot of the oxidant-to-antioxidant relationship and yields insight into the redox equilibrium and the state of OS in each sample [55] [56] [57] . ORP levels in whole blood have been shown to increase due to trauma [58, 59] , intense exercise [60] , and organ dysfunction [61] . In cases of male infertility, ORP levels have also been found to be elevated [55] [56] [57] . ORP has been utilized in the clinical andrology setting as a reliable marker of OS in human semen samples [62] . Studies are currently underway evaluating the use of seminal ORP as a marker for embryo development and pregnancy outcomes.
Introduction to the Male Infertility Oxidative System
Among the laboratory instruments designed to measure OS in a biological sample, one recent advancement is the Male Infertility Oxidative System (MiOXSYS). MiOXSYS is based on a galvanostatic measure of the electron movement and provides information on the complete oxidation-reduction activity within a given sample [55] . MiOXSYS requires only a small amount of semen (30 μL) and yields results in <5 minutes. In order to improve the ease of use, standardized laboratory protocols and consistent device software upgrades have been implemented. MiOXSYS produces results based on the patients' physiological balance of oxidants vs. antioxidants, represented by ORP, which has been shown to be both stable and reproducible [55] [56] [57] . Due to these qualities, MiOXSYS has the potential to mitigate the problems of unreliability inherent in manual SA as well as the issues of extensive training, cost, and oversight associated with advanced SA tests. Although manual SA is vulnerable to subjectivity and human error, when carried out properly, the multifaceted insights it provides are crucial to patient diagnosis; thus, it is a step too far to eliminate this manual SA altogether. Rather, the measurement of ORP by MiOXSYS could serve as an adjunct test to manual SA that reliably discriminates between the presence and absence of abnormal semen parameters. www.wjmh.org
Validation of oxidation-reduction potential as an indicator of semen quality and fertility potential
In a study of 106 infertile men and 51 healthy controls (proven and unproven fertility) from our clinic, we recently reported a negative correlation between ORP and semen parameters across all participants (sperm concentration [r=-0.823; p<0.001], total sperm count [r=-0.728; p<0.001], percent total motility [r=-0.485; p<0.001], and percent normal morphology [r=-0.238; p=0.020]) ( Fig.  4 ). Infertile men also had higher ORP levels compared with the control group (6.22±1.10 mV/10 6 sperm/mL vs. 1.59±0.29 mV/10 6 sperm/mL (p=0.004) [55] . Of the 157 men, 65 participants had normal semen parameters and 92 presented as abnormal for one or more semen parameters based on WHO 5th edition criteria [3, 55] . A ROC curve analysis yielded a cutoff value of 1.36 mV/10 6 sperm/mL that distinguished between those with normal and any abnormal semen parameters with 69.6% sensitivity, 83.1% specificity, 85.3% positive predictive value, and 65.9% negative predictive value. The median ORP was below this cutoff for infertile participants and above it for healthy controls (Fig.  5 ). As quality control measures, we measured intraand inter-observer variability and found that, using this cutoff, there was strong intra-observer reliability (average CV=8.39%) and inter-observer reliability (correlation coefficients >0.97, CV across observers=3.61%) among our three technicians [55] . These findings were corroborated by a study we published the following year in which a static ORP cut-off value of 1.38 mV/10 6 sperm/mL was determined via ROC curve analysis to differentiate normal from abnormal semen samples within a sample of 365 infertile men (Fig. 6 ), suggesting that ORP could be a valuable addition to SA as a useful marker of semen quality [56] .
Finally, we conducted a multi-center study with 2,092 participants from nine institutions located in seven different countries including USA, Qatar, Japan, UK, Turkey, Egypt, and India. In this study we evaluated 1) the variability of all measures according to WHO criteria for the normal and abnormal SA groups and 2) verified the ORP cut-off value to distinguish men with normal semen parameters from those with abnormal semen parameters. Mean semen quality measures differed significantly between those with no abnormal parameters and those with at least one abnormal parameter (concentration, motility, or morphology) according to WHO 5th edition criteria (Table 3 ). An ORP cutoff value of 1.34 mV/10 6 sperm/mL was derived to distinguish between the two groups and the median ORP was below this cutoff for those with at least one abnormal semen parameter and above it for those with normal semen parameters ( Fig. 7) [63] . The consistency of this cutoff value with those of our prior studies indicates the reliability of ORP as a tool to evaluate patients from diverse ethnic backgrounds, whose standard semen parameter measures may have different distributions [64, 65] .
These studies represent just a few of the many works either already published or currently underway that demonstrate the capability of ORP measurement to discern between normal and abnormal SA and aid in the diagnosis of male infertility. As an adjunct test, the quick, reliable, non-observer-dependent ORP results produced by MiOXSYS could serve to confirm the validity of manual SA results or shed light on the possibility of subjectivity and human error. Normalized ORP results are influenced by the sperm concentration in a given semen sample. Therefore, ORP testing is not suitable in cases of severe oligozoospermia (≤1×10 6 sperm/mL) and azoospermia. The conventional SA is recommended in these cases.
Clinical utility of measuring oxidationreduction potential with Male Infertility Oxidative System
In the male infertility workup, elevated ORP can act as a confirmatory test for manual SA, with strong inter-and intra-observer reliability. In cases when manual SA results yield parameters within the normal range but MiOXSYS analysis shows elevated ORP, the high positive predictive value of ORP suggests that clinicians should be wary of the accuracy of the SA [55, 56] . In this situation, manual SA should be repeated and the patient should be assessed for known triggers of OS. Finally, due to its ease of use, ability to analyze fresh or frozen samples, cost effectiveness, and ability to quickly provide insight into a male patient's fertility potential, MiOXSYS analysis alone may be used as a screening tool in areas of the world in which access to a fertility specialist is limited. In general, the actual cost for a routine SA using WHO 2010 criteria may vary anywhere from $140.00 to $300.00. Also, the cost for additional sperm function test to measure the sperm DNA damage can be $175.00 to $400.00 per test. Whereas, the cost to measure ORP is approximately $50.00 which is just one fourth the cost of a sperm DNA test. In the absence of a high-level, qualitycontrolled infertility lab with technicians trained to do manual SA, ORP measured by MiOXSYS may play an important role in assessing sperm quality and facilitating clinical decision making.
CONCLUSIONS
Manual SA is the first step in determining a couple's fertility status, and yet its results are vulnerable to error from many sources. The low rate of implementation of standardized WHO-informed protocols and adherence to EQA/C in andrology laboratories, as well as the prevalence of human subjectivity and potential error in SA results, point to the urgent need for an additional method to confirm the results of manual SA. Advanced techniques, such as DNA fragmentation, acrosome reaction, and capacitation tests indicate problems associated with reduced fecundity, but all require significant investments of money, time, and training. ORP measured via MiOXSYS predicts abnormal semen parameters with high sensitivity and specificity, and is quick and simple to perform, cost effective, highly reliable, requires little training, and utilizes a small sample size. Furthermore, we have provided evidence supporting the use of seminal ORP as a surrogate measure of OS and abnormal semen parameters across diverse populations. Although the shortcomings of manual SA have been well documented, it is still an essential test in the workup of male patients presenting with infertility. The authors believe that an additional diagnostic tool such as the MiOXSYS can provide valuable feedback to confirm the results of manual SA or highlight inconsistencies that may warrant repeated SA. In doing so, ORP evaluation will improve andrologists' ability to provide SA results that accurately reflect patients' fertility potential and enable clinicians to optimize their treatment decisions. 
